Figure 6 compares the different unblocking techniques in terra of man access delay for diferent
load. We note that unblocking technques 1-3 give lower access delay for higher offr load than
Method 4.

5 Conclusion

This paper focwses on the first trarsmssion rule or chamel wblocking W corpare techni ques for
controlling the admttance of newpackets into the systemin term of collision mltiplicity and man
access delay. Sirmlationresul ts showthat collisionmltiplicity and access del ay val ves can be reduced
for higher 1oads wsing the range control paramater R computed at the headend. Also, ve showthere
may be several techn ques to comqmte R and mst hel p improve MO performarce.

Appendi x

Te MCrodel described in section 2 vas impl eranted wsing the netvork simol ation tool OPNET

1. Sirml ation paramters are set as fdlows. The netvork comsists of 200 statioms evenly spaced, and
located at a distance fromthe headend betveen 25 kmand 200 ki Te ustreamand dowstream
propagation del ays are set to by s/km Te data rate wed is 3 Mits/s. The size of the data slot is
set to 64 bytes, wle the size of the mmislot is set to 16 bytes, so that 4 (5 can fit ina DS. (5 are
grouped at the begiming of the frame. Te fram size is adjwsted to 3.072 m in order to fit up to a
naxi momof 18 T (or 72 (5). The naxi mnrequest size is set to 32. The traffic type wedis defined

as follows. Mssages are 48 bytes long and are gererated according to a Ruisson distribution with a
man arrival rate of A, vhere A varies according to the trafhi 1oad
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A& anticipatedthe collisionmultiplicityis vorse as the load increases up to 5% (Hgure 1-4). Mthod
1is the st efctive inreducing the tail of the collision mltiplicity distribution

cs

95 Percentile of Number of Stations Collided in a

Offered Load (% of Capacity)

Figure 5: 95 Percentile Collision Mul tiplicity
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Figure 6: Man Access Del ay vs Offered Load

Wrote that the naxi mmmunher of statioms collidedinaslot inHgure 1-4, for Mthod 11s 13.
Mthod 4 has the vorst results wth collisionmltiplicity val ves up to 110 (Fgure 3). (@llisionrnlti-
dicityresults are sumarized in Hgure 5, where ve plot the 95 percertile of the collisionmltiplicaity
for difErent 1oad percertages. Mthod 1 gives better results than Mthod 2, 3, and 4 in this order.
vever, 1t is inportant to observe fromthis masurerant, that the mmher of stations involwedin a
collisionis al vays kept betveen 5-21. Thus the gainin collisionmltiplicity my not justify the added
corplexity as ve go fromMthod 4, to 1.



at the 40%75%ofkred 1oad range, since this is the mst significant range for collision masuremnts.
Qitside this range, there are very fewcollisions (due to either underloaded or overlcaded retvork

conditions). Note that collisions drop in overl caded channel s becaise stations are able to request for
ml tiple packets.

tage
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Fgure 3: (obllision Miltiplicity Histogram; Load=65% Capacity

ntage

Frequency Percel

Fgure 4: (bllision Miltiplicity Hstogram Load=75%Capacity
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Method 3 is simply:
R(j+ 1) = max{3, MS(j +1)}
wile Me t h o d 4 sets R to the murher of available contentionslots in the fram:

R(j +1) =MS(j +)

4 Results

The four diferent wnblocking techm ques presented in the previos section are irpleranted in the
headend mdul e and sinol ation results wing the MCnadel described insection 2 are obtai red.

Frequency Percentage

Number of Stations Colliding in a CS

Feure 1: (ollision Miltiplicity H stogramload=40%Capacity
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Fgure 2: (bllision Ml tiplicity Hstogram Load=55%Capaci ty

B gure 1-4, showthe collisionmltiplicity frequency (as a percentage of the vhole collisionsample) for
diferent offered loads (represented as percertages of the total ustreamchanrel capacity). Wlook



2 MAC Mdel

Wdesign a gereric MCmdel in order to study diferent unblocking techniques for new packet
arrivals. Whriefly describe som of the assumptioms wed inthe experimantal vork. The simml ation
paramters incl uding trafhi types and test scenarics are givenin the appendix

The ustreamframes are divided into a sequence of (dntention Slots (($) and Tata Jots (I).
Dita trafli 1s carried via AlMcells. DMta packets gererated at the statiors are segranted into 48
byte chinks and encapsul ated 1n 53-byte AlMcells. Fach I can carry one AlMeell. (5 are wed
for bandw dth request in contention mde. The size of the (5 and I% 1s chosen so that an integer
mmber of (% is acconmdatedina Ih. The ratio of ($3/T8is variable fromore fram to another by
a rachan smi rpl eranted at the headend. In owr tests, this ratiois varied according to an estimated
collisionfactor and the muher of I$requests queted at the headend.

The basic MCoperation is as follow. Wen a station has data to tramsmt, it waits at least
wuntil the begiming of the rext ustreamfrara in order to send a request ina (5. Then, the station
vaits for feedback information about collision statws and all ocation of I¥ contained in dowstream
control massages. In or experimants, ve assum that the dowstreamcarries feedback information
fromthe headend to the stations wth no transmssion del ay and no bandw dth limntations. In case
of colision, the station irpl erants the ternary-tree Hocking al gorithmto resolve it. Qherwise, the
stationis granted a I'b somatine inthe future to send its data.

3 Newcomers Unbl ocki ng Techni ques

Te principle of the ternary-tree contentionresolution [1, 2, 3, 4] agorithm is that vhen a collision
occurs, all the stations involvedinthis collisionsplit into 3 subsets, each randonhy sel ecting a muher
betveen 1 and 3. The basic ideais to allowdiferent subsets to resolve their collisions sequentially.

Thws, for eachcollidedslot infram j , 3slots are reserved for stations retramsmssions infram (§ H).

If the frama cotaims less contentionslots than needed for resolving collisioms, the grous of stations
correspondi ng to the wnavai | abl e cortenti onsl ots wai t until addi tional slots becom available. Sl arly,
statiors tramsmtting requests for the first tine (or reveorars), wait until contention slots becom
avallable inafram. Qly these contentionslots that are not reserved for collision resolution are open
for reveorars. This feature of the ternary-tree al gorithms called ”H ocking”.

Acareful reviewof the ternary-tree Hocki ng machani smreveals that wile collisioms are resol ved
quickly [5] (relativelylowraan access del ay and del ay vari ance), arather |arge mumher of neveornrs
may send requests simml taneousl y once all previous collisions have been resol ved and the channel open
for newcontentiors or “unbl ocked’. This cawses the collisionmml tiplicityfactor toincrease significantl y
especially for highload situations leading to undesired laser clipping efects [6].

Inorder to correct this behavior, a paramter R, computed at the headend, is introduced to control
first tramnsmissions or chammel wblocking [7, §. R is the range over wi cheach station can randonhy
select aslot for contention If the randommurher chosenis greater than the total mmher of contention
slots available for neveorars, the station has to repeat this process next cycle tima. Qherwse the
station sends 1ts request inthe sel ected contentionslot mmher. Hre, ve exammne four techn ques for
commting R wth varios degrees of corplexity.

Me t hod 1 [7 cosists of the followng
MS (j H

R(j +1) =ma x {min[n, R(j)— MS(j) +col(j )E*Z __1;) t

, MS(j +1)}

vhere n is the mmher of statioms, MS (j ) is the mmber of contentionnimislots inthe j th fram, and
col (j) isthe mmher of collided mmislots inthe j th fram.
Me t ho d 2 computes R according to:

R(G +1) =mi n{maz [MS(j +1), axRQ( +D], n}

vhere R() is the length of the request quewe at the headend, and o =1.9.
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Abst ract

The main functionality of a MediumAccess Control (M) layer protocol for a bidirectional (hble
TV network using a Hybrid Fiber Goazial (HPQ technology, is to control the access of the various
nodes on to the shared nedium Chrrently, MC'specifications are being drafted by the IFFE 802. 14
(Cible TV) working group.

The goal of this paper is to examne given the ternary-tree blocking al gorithmfor resolving colli-
stons, policies enforced by the headend for admiting newtraffic on the shared medium W eval uate
di fferent techm ques for “unbl ocking” new backl ogged traffe after collisions are resolved. Perfornunce
15 neasured in terns of the nean access del ay and the packet collision nulteplicity. Simulation results
for configurations of interest are also presented.

1 Introduction

Te emargence of the Fybrid Fber (baxial (] technology has a significant impact on already
deployed Gible TV retvorks. 4 more bandw dth becoras available, cable netvork operators are able

to add newservices such as video on derand, interactive commter garms and video tel ephony to
television broadcast. In order to allowvariows nodes to share resources in a ml tiaccess envi romart,
rewstandards, namly a MdiumAcess (ontrol (MO layer layer protocol, are needed. Te MC
protocol is irpleranted at the root (or headend) and at eachof the cable netvork nodes (or statioms)
in order to control the upstream(fromthe stations to the headend) and the dowstream(fromthe
headend to the stations) transmissions. The TFFE802. 14 vorki ng group has been formd to devel op
MCspecifications for HCretvorks.

So far the group has agreed on variouws MCdefini ng characteristics such as, fram format, station
addressing, timnngandsynchroni zati onprocedures, andthe ternary-tree machar sito resol ve collisioms
resulting fromtvo or more statioms trammtting at the sam tite. Bfore the group’s activities are
over, 1t is expected that the standard include a corpl ete behavioral description for the station al ong
wth the details on the type and conterts of the mssages exchanged between the headend and the
station. Wile nast of the headend functionality wth respect to the station wll also be fully defined,
details in the headend wit on howto allocate bandwdth, grant station’s requests, and Hock new
packets fromentering the netvork wll be impl erantation dependent.

In this paper ve focs on the issue of admtting new packets in the systemgiven the ternary-
tree b ocking al gori thnfor resolving collisions. Qr goal 1s to study the efect of diffrent unblocking
techr ques on the MCperformarnce, and more specifically on the muher of stations collidingin the
sam slot or collisionmltiplicity.

The rest of the paper is structured as follows. Section 2 presents the MCmdel wed in the
simmlations.  Sectioms 3 and 4 describe the rules for wunblocking neweorars and the experinental
results respectivel y. Aconclwsion is ofred in Section 5. Srmlation assurptiors and paramaters are
giveninthe appendix.



